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Amide1. A solution of 2 (963 mg, 4.20 mmol) in CH 2 Cl 2 (5.0 mL) was added to a solution of 4,4'-di(chlorocarbonyl)-2,2'-bipyridine 1 (556 mg, 2.0 mmol) in CH 2 Cl 2 (5.0 mL). A pink precipitate formed immediately after addition. The mixture was heated to 40 °C and stirred under nitrogen for 16 h. The suspension was centrifuged, and the supernatant was discarded. The crude residue was washed successively with 1 N HCl, water and CH 2 Cl 2 . The product was dried to afford the title compound as a pink solid. (892 mg, 67%). 1 
Ru1
. To a solution of Ru1-ester (63 mg, 0.051 mmol) in DMF (2.57 mL) was added TMSBr (81.4 L, 0.617 mmol, 12 eq) under nitrogen. The solution was stirred under nitrogen at 60 °C in the dark for 18 h. DMF and excess TMSBr were removed under high vacuum at °C. To the orange residue was added a mixture of solvents (8.0 mL CH 3 OH + 0.5 mL H 2 O) and the mixture was stirred at room temperature for 3 h. Diethyl ether was added to the reaction mixture, the suspension was centrifuged, and the supernatant was discarded to afford an orange solid. The solid was dried under high vacuum to afford a dark orange powder (46.4 mg, 80%). 1 
Amide2
. A sample of phosphanobenzoic acid 4 (1.032 g, 4.0 mmol) and EDC (1.15 g, 6.0 mmol) in CH 2 Cl 2 (4.0 mL) was stirred at room temperature under nitrogen for 40 min (Solution A). In a separate vial, diaminodipyridine 3 (372 mg, 2.0 mmol) was dissolved in DMF (3 mL) and stirred for 3 min (Solution B). Solution B was then transferred via pipette to solution A. The resulting mixture was stirred under nitrogen at 50 °C for 16 h. To the crude mixture was added water, and the precipitate was isolated and washed successively with 1 N HCl, saturated NaHCO 3 and hexanes. The grey solid was dried to afford the title compound (747 mg, 28%). 1 
Ru2-ester.
A solution of Amide2 (11.1 mg, 0.017 mmol) and cis-[Ru(bpy) 2 Cl 2 ] (8.7 mg, 0.017 mmol) in a solvent mixture of ethanol and water (1.0 mL, 9:1, v/v) was stirred at 90 °C under nitrogen for 12 h. The solvents were removed by rotary evaporation. The crude dark residue was dissolved in a minimum amount of water and CH 3 CN (~1.0 mL, 1:1, v/v) and loaded to a LH20 column. Pure CH 3 CN was first used to remove the reacted cis-[Ru(bpy) 2 Cl 2 ], and then changed to 7% of methanol in CH 3 CN. The dark orange band was collected. The solvents were removed by rotary evaporation. The residue was dissolved in a minimum amount of water (~1.0 mL), and then a saturated solution of NH 4 PF 6 (~10 mL) was added. The precipitate was centrifuged, and the supernatant was discarded to afford a dark orange solid, which was washed twice with water. The solid was dried under high vacuum to afford a dark orange powder (20 mg, 86%). 1 Ru2. To a solution of Ru2-ester (25 mg, 0.018 mmol) in DMF (0.91 mL) was added TMSBr (28.9 L, 0.219 mmol, 12 eq) under nitrogen. The solution was stirred under nitrogen at 60 °C in the dark for 18 h. DMF and excess TMSBr were removed under high vacuum at 60 °C. To the orange residue was added a mixture of solvents (4.0 mL CH 3 OH + 0.5 mL H 2 O), and the mixture was stirred at room temperature for 6 h. Diethyl ether was added to the reaction mixture, the suspension was centrifuged, and the supernatant was discarded to afford an orange solid. The solid was dried under high vacuum to afford a dark orange powder (46.4 mg, 80%). 1 Stilb. To a solution of phosphanomethyldipyridine 5 (182 mg, 0.4 mmol) in THF (2 mL) was added KO t Bu (180 mg, 1.6 mmol), and the resulting suspension was stirred under nitrogen for 10 min. Another solution of phosphanobenzaldehyde 4 (290 mg, 1.2 mmol) in THF (2 mL) was transferred to the former solution, and the resulting mixture was stirred under nitrogen for 16 h. Hexanes were added to the reaction mixture, and the precipitate was isolated and washed with water. The solid was dried to afford the title compound as a grey powder (202 mg, 80%). 1 The solvents were removed by rotary evaporation. The residue was dissolved in a minimum amount of water (~2.0 mL), and then a saturated solution of NH 4 PF 6 (~15 mL) was added. The precipitate was centrifuged, and the supernatant was discarded to afford a dark orange solid, which was washed twice with water. The solid was dried under high vacuum to afford a dark orange powder (141 mg, 85%). 1 
Ru3.
To a solution of Ru3-ester (75 mg, 0.055 mmol) in DMF (2.76 mL) was added TMSBr (87.5 L, 0.663 mmol, 12 eq) under nitrogen. The solution was stirred under nitrogen at 60 °C in the dark for 12 h. DMF and excess TMSBr were removed under high vacuum at 60 °C. To the orange residue was added a mixture of solvents (4.0 mL CH 3 OH + 0.5 mL H 2 O), and the mixture was stirred at room temperature for 5 h. Diethyl ether was added to the reaction mixture, the suspension was centrifuged, and the supernatant was discarded to afford an orange solid. The solid was dried under high vacuum to afford a dark orange powder (50.3 mg, 82%). 1 Sample Preparation. TiO 2 films for transient absorption measurements were prepared on TEC15 fluorine-doped tin oxide (FTO) glass (Hartford Glass Co.). An organic TiO 2 paste (Solaronix Ti-Nanoxide T/SP) was doctor-bladed onto the FTO glass using a single layer of Scotch tape as a spacer layer to give a nominal thickness of 1.2 m and then then dried at 80 °C for 10 min. After drying, the films were then sintered S4 in a box furnace at 470 °C for 30 min. The films were sensitized for 16 h in a 0.1 mM solution of dye dissolved in 5:3 0.1M HClO 4 :DMSO. Transient absorption measurements were made in 0.1 M HClO 4 .
Samples for THz measurements were prepared on fused quartz substrates as described in detail elsewhere. 7 Briefly, TiO 2 particles were ground with acetic acid, water, and ethanol to form a paste and then ultrasonicated. -Terpineol and ethyl cellulose were added as binders and the excess ethanol stripped to give a paste. The paste was doctor-bladed onto fused quartz substrates (GM associates) using Scotch tape as a spacer. Each layer was dried at 80 °C before the next layer was added. A total of five layers of TiO 2 were deposited to give a nominal film thickness of 6 m. The films were sensitized as above and afterwards sealed using a second piece of quartz separated by a 60 m Surlyn spacer (Solaronix). 0.1 M HClO 4 was introduced into the gap between the pieces of quartz via vacuum backfilling.
Transient Absorption Measurements. Nanosecond transient absorption measurements were made using an Edinburgh Instruments LP920 Transient Absorbance Spectrometer. The sample was pumped at 530 nm (2 mJ/pulse) by a Nd:YAG laser (Spectra-Physics INDI-10) passed through an OPO (Spectra-Physics basiScan M). A pulsed 450 W Xe arc lamp was utilized as the probe source. Prior to the sample, the probe was filtered through a 450 nm short pass filter. After the sample, the probe light was passed through a monochromator and into a photomultiplier tube. Changes in absorbance were monitored at 420 nm. Typically 64 shots were averaged and the data were fit to a stretched exponential equation of the form:
where A 0 is the change in absorbance at t = 0,  is the lifetime,  is a stretching parameter (0 <   1), and c is an offset at long times. When  = 1, the equation becomes a single exponential with an offset. The lifetime  can be used to calculate a rate constant for recombination (k obs ) and a weighted lifetime for recombination (<>) can be calculated from:
Time-Resolved Terahertz (THz) Spectroscopy (TRTS).
The THz spectrometer and technique is described in detail elsewhere. [8] [9] Briefly, the 35 fs, 800 nm output of an amplified Ti:sapphire laser (SpectraPhysics) operating a repetition rate of 1 kHz is split into a THz generation beam, a detection beam, and a pump beam. The generation beam is frequency doubled and along with the fundamental harmonic focused in air to generate a plasma. 10, 11 The pump beam is likewise frequency doubled to 400 nm and adjusted using a variable neutral density filter to obtain a power of 100 mW (100 J/pulse) at a spot size of 10 mm. Before the sample, the laser is passed through a 5 mm diameter aperture. The forward propagating THz pulse generated by the plasma is collected and focused using a series of off-axis paraboloidal mirrors. THz radiation is detected with a ZnTe(110) crystal using free-space electro-optic sampling. 12 The instrument response function was given by a Gaussian function with a full-width at half-maximum of 500 fs and the TRTS scans fit with the following function:
where THz 0 is a baseline offset, n is the number of exponential terms used in the fit, A i is the injection amplitude of a given component, t 0 is the arrival time of the pump pulse, G(FWHM) represents a normalized Gaussian instrument response function, and is a convolution.
 Electrochemistry. The ester versions of Ru1, Ru2, and Ru3 were dissolved in acetonitrile to give a 10 mM solution. Tetrabutylammonium perchlorate was used as a supporting electrolyte (0.1 M). A platinum disk electrode was used as the working electrode and a piece of platinum mesh was used as the counter electrode. A silver wire was utilized as a quasi-reference and the potentials measured relative to ferrocene (0.64 V vs. NHE). The potential was swept at a rate of 10 mV/s. Dye-Sensitized Solar Cells. DSSCs were fabricated as previously reported. 13 Briefly, a TiO 2 blocking layer was applied to a piece of TEC7 FTO glass (Hartford Glass co.) by immersion in a 40 mM aqueous solution of TiCl 4 THF for 30 min at 80 °C before being crystallized at 570 °C for 10 min. An organic TiO 2 paste (Solaronix Ti-Nanoxide T/SP) was doctor-bladed on the substrates using Scotch tape as a spacer layer and cured at 80 °C for 10 min to give a nominal layer thickness of 4 m. A total of 3 layers were applied to give a TiO 2 thickness of approximately 12 m. The films were sintered at 470 °C for 30 min and treated again with TiCl 4 THF as before being immersed in a 0.1 mM dye solution in 5:3 0.1M HClO 4 :DMSO for 16 h. Platinum cathodes were prepared by doctor blading an 8 wt% solution of H 2 PtCl 6 in ethanol on TEC15 FTO glass and then annealed at 450 °C for 30 min. The anode and cathode were hot-pressed together using a 60 m Surlyn spacer (Solaronix) and vacuumed backfilled with electrolyte (Iodolyte HI-30).
The photovoltaic characteristics of the solar cells were tested using a solar simulator fitted with an AM-1.5 filter and calibrated using a Si reference diode. 14 and the B3LYP exchange-correlation density functional. 15 Optimizations of the S 0 ground state, the T 1 state, and the oxidized state were performed with the SDD basis set and effective core potential on ruthenium and the 6-31G(d) basis set 16 on the remaining atom types. The solvent was represented by a polarizable continuum model of DMSO, using the default settings in Gaussian09. Electron injection dynamics. The electron injection from dye to TiO 2 was modeled computationally with a quantum dynamics simulation based on an extended Hückel methodology as previously reported. 17 The binding geometry was first obtained from a system with a CH 3 -PO 3 2− anchor group chemisorbed in a bidentate fashion to the (101) surface of a Ti 7 O 27 H 28 2+ cluster. This was subjected to a structural optimization using the PBE functional 18 and the Def2SV(P) basis set and density fitting basis set, 19 with all Ti and O atoms frozen in the anatase crystal structure, except the 6 atoms closest to the adsorbate which were allowed to structurally relax together with the methylphosphonate. Using the resulting semi-optimized binding geometry, the 3 dyes in their S 0 geometry were attached to the (101) surface of a Ti 128 O 256 slab of anatase in its crystal geometry. |Ψ( )⟩ =
